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TRIC-A and TRIC-B are trimeric intracellular cation channels located at the
sarcoplasmic reticulum (SR) or endoplasmic reticulum (ER) of multiple cell
types. These channels regulate the permeability of K ions across the SR/ER
and consequently the movement of Ca ions during excitation-contraction
coupling. Previously we showed that genetic ablation of TRIC led to compro-
mised K-permeability and Ca release across the SR membrane, supporting the
hypothesis that TRIC could function as counter-ion channels that allows the
flow of K ions into the SR during the acute phase of Ca release. In the absence
of TRIC, overload of Ca inside the ER/SR causes instability of Ca storage and
release, leading to stress-induced dysfunction of multiple tissues. Spontaneous
Ca waves, also called store overload-induced Ca release (SOICR) mediated by
the type 2 ryanodine receptor (RyR2), evoke ventricular tachyarrhythmia in
individuals with heart failure. Our biochemical studies revealed that the
carboxyl-tail domain of TRIC-A could interact with the RyR channel, suggest-
ing the possibility that TRIC-A may directly regulate the Ca release activity.
We found that TRIC-A, but not TRIC-B, prevented the appearance of SOICR
in HEK293 cells expressing RyR2. Cytosolic Ca measurement by Fura-2 and
ER luminal Ca measurement by D1ER revealed that expression of TRIC-A
in HEK293 cells could prevent overload of Ca inside the ER by targeting the
RyR2 channel function. Such effect was translated into suppression of SOICR.
These effects appeared to be specific for TRIC-A, as co-expression of RyR2
with TRIC-B did not affect SOICR. Together, our data suggest that functional
interaction between TRIC-A and RyR can modulate the Ca release process
from internal stores and regulate Ca homeostasis across the ER/SR.
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Duchenne muscular dystrophy (DMD) is a fatal degenerative muscle disease,
attributed to a defect in the gene that encodes dystrophin. Emerging evidence
implicates oxidative stress may impair autophagy in DMD patients and mdx
mice, a model of DMD, by activating cytotoxic mediators. However, the spe-
cific source of ROS and the mechanism(s) of impaired autophagy have not yet
been elucidated in dystrophic muscle. Therefore, understanding the interaction
between oxidative stress and defects in autophagy is pivotal as we seek effec-
tive therapeutic targets in DMD. Here we demonstrated that nicotinamide
adenine dinucleotide phosphatase (NADPH oxidase or Nox2)-induced oxida-
tive stress was linked to impaired autophagy in mdx mice through Nox2-
dependent superoxide production, Src kinase activation and further NOX2
activation via p47phox phosphorylation. The defect in autophagy was accompa-
nied by persistent activation of Src kinase, which activated the autophagy
repressor mammalian target of rapamycin (mTOR) via PI3K/Akt phosphoryla-
tion. Inhibition of Nox2 or Src kinase reduced oxidative stress and partially
rescued the defective autophagy in mdx mice. We also have genetically
down-regulated Nox2 activity in the mdx mouse to further corroborate that
NADPH oxidase was the main source of oxidative stress, which impaired
autophagy in DMD. Our data highlights novel pathogenic aspects of DMD
and proposes NADPH oxidase as a potential therapeutic target.
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Aims: Reactive oxygen species are implicated in reducing muscle force pro-
duction through oxidative cellular damage in skeletal muscle following repet-itive fatiguing muscle contractions. We investigated whether shifting cellular
redox status from an oxidized to reduced state could improve recovery of force
production in skeletal muscle following fatigue. Methods: Mechanically-
dissected intact single fibers from flexor digitorum brevis muscles of C57/
BL6 mice were fatigued at physiological temperature (32 C) with brief 150
ms duration 70 Hz tetani every 1 s for a total of 60 contractions. Fibers were
superfused with the reducing agent dithiothretrol (DTT 1 mM, n = 10) for 20
min after fatigue-induced force loss was established. Results: The reducing
agent, DTT, temporarily improved low-frequency (30 Hz) contractile force
by 65% by increasing myofibrillar Ca2þ sensitivity without affecting sarco-
plasmic reticulum (SR) Ca2þ release during recovery from fatigue. Intrigu-
ingly, addition of the oxidizing agent tert-butyl hydroperoxide (T-BOOH 10
mM, n=7) also temporarily improved 30 Hz force by 47% without affecting
SR Ca2þ release. We then determined whether antioxidants and inhibitors of
free radical production could prevent in the first place the oxidative damage
associated with fatigue. We found that a mitochondria specific antioxidant
(SS-31) and nitric oxide synthase inhibitor (L-NAME) recovered fatigue-
induced impairments in SR Ca2þ release without affecting 30 Hz force.
Conclusion: Antioxidants and inhibition of free radicals improves Ca2þ release
during recovery, but has no effect on improving low-frequency force produc-
tion. On the other hand, acute change in intracellular milieu using redox agents
improves force development but does not affect Ca2þ release. Thus, proteins
involved in SR Ca2þ release and myofibrillar contractile proteins show
different dependency on the local redox micro-environment.
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Atrial myocytes undergo stretch during diastole as do ventricular myocytes. We
have identified a novel mechanism that links cellular stretch in ventricular my-
ocytes to the tuning of Ca2þ release from the sarcoplasmic reticulum (SR). This
mechanism, "X-ROS signaling", depends on NOX2 (NADPH oxidase) to
generate reactive oxygen species (ROS), which increases the triggering sensi-
tivity of ryanodine receptors (SR Ca2þ release channels) to [Ca2þ]i. Stretch
mediates X-ROS signaling through microtubules, which appear to interact
with NOX2 to enable it to generate ROS.
We evaluated X-ROS signaling in murine atrial myocytes. Ca2þ sparks were
recorded before, during and after stretch. Ca2þ spark frequency increased dur-
ing stretch and returned to pre-stretch values during relaxation. Interestingly,
microtubule density was higher and pro-
tein expression levels were increased
in atria compared to ventricles (Fig 1
A). Similarly, protein expression of the
catalytic NOX2 subunit gp91phox was
higher in atria compared to ventricles
(Fig 1 A). Inhibition of gp91phox with
the inhibitory peptide gp91ds-tat pre-
vented stretch-induced Ca2þ spark
increases in atrial myocytes (Fig 1 B).
Thus, X-ROS signaling is important
in atrial myocytes and may contribute
to physiological regulation of Ca2þ
signaling and to Ca2þ dependent arrhyth-
mogenesis in disease.3687-Pos Board B415
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Acute compartment syndrome (CS) in skeletal muscle is caused by lack of
blood supply due to the rise of compartment pressure after various injuries.
CS requires timely surgical treatment, known as fasciotomy, to reduce the
compartmental pressure and re-establish blood circulation. In previous studies,
we found that MG53 plays an important role in membrane repair in multiple
tissues. Here we test whether recombinant human MG53(rhMG53) protein
can protect muscle injury associated with CS. With our suture-induced
hindlimb CS mouse model, we found that the mg53-/- muscle released more
creatine kinase (CK) into blood circulation as compared to wild type control
Wednesday, February 19, 2014 729afollowing ischemia-reperfusion, indicating mg53-/- mice are more susceptible
to CS injury. rhMG53 protein (6 mg/kg) applied intravenously to the wild type
mice prior to the onset of CS could protect skeletal muscle injury, as demon-
strated by the reduction of CK in serum and Evans Blue positive (injured)
muscle fibers. Histochemical studies revealed that rhMG53 treatment could
ameliorate pathological changes in mouse skeletal muscle associated with
CS. When rhMG53 was examined in a rat model of CS-induced muscle injury,
we saw a lesser degree of muscle injury and minimum effect for the exogenous
rhMG53 in protection against the development of CS. The lack of effect of
rhMG53 in the rat model was likely due to the fact that serum level of endog-
enous MG53 protein in the rat is more than 20-fold higher than that in the
mouse and other animal models. Taken together, our data suggest that
rhMG53 can protect ischemia-reperfusion induced muscle injury as a potential
therapy for protection against compartment syndrome.
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Cathepsins are lysosomal cysteine proteases involved in molecular signaling
and protein degradation. Importantly, these proteases can also be secreted into
the extracellular space. Cathepsin-L is elevated in the serum of patients with is-
chaemic heart disease and correlates with disease severity. Our data demonstrate
that cathepsin-L levels are increased in the coronary effluent of ex vivo rat hearts
after a period of 30 min ischaemia, however the contribution of cathepsin-L to
cardiac contractile function remains unknown. Using a cathepsin-L inhibitor
(CAA0225), we investigated the hypothesis that cathepsin-L contributes to con-
tractile dysfunction post ischaemia. Langendorff perfused ex vivo adult rat
hearts underwent 30minwhole heart ischaemia followed by 90min reperfusion.
Left ventricular (LV) function was assessed using a solid-state pressure catheter
within a balloon in the LV cavity. In separate cohorts of hearts, CAA0225 or
DMSO (control) was applied for 25 min prior to ischaemia. CAA0225 had no
effect on LV developed pressure prior to ischaemia. However, during reperfu-
sion post-ischaemia CAA0225 led to a sustained increase of LV developed pres-
sure to 177% of control levels at 90 min reperfusion (25.1 vs. 44.5 % developed
LV pressure of pre-ischaemia level; DSMO [n=15] vs. CAA0225 [n=6];
P<0.05). The maximum rate of rise and fall in developed LV pressure were
also elevated by CAA0225 by 169% and 151% respectively. Whilst there was
no significant difference in the minimum LV pressure during the ischaemic
period, this parameter was reduced during reperfusion which after 90 min was
68% of control levels (78.0 vs. 53.0 mmHg; DSMO [n=15] vs. CAA0225
[n=6]; P<0.05). These data demonstrate for the first time that the cathepsin-L
inhibitor CAA0225 improves both systolic and diastolic cardiac functional
parameters during ischaemia-reperfusion in ex vivo adult rat hearts.
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Chronic hypertension can cause atrial fibrillation. The cellular mechanisms
responsible for hypertension-induced atrial tachyarrhythmias, however, are
unknown. Here we tested the hypothesis that, in spontaneously hypertensive
rats (SHR), altered atrial Ca homeostasis may induce atrial tachyarrhythmias.
At 6-8 months of age, SHR had significantly increased systolic blood pressure
(18556mmHg,N=18; vsWKY: 12954mmHg,N=16, P<0.01), accompanied
by compensatory left ventricular hypertrophy, but left atrial (LA) hypotrophy.
At the cellular level, the area of the ventricular myocytes was increased in
SHR, while LA myocytes were not different in size. Basal Ca transients
(CaTs) of LAmyocytes (1Hz stimulation) showednomajor differences between
WKY and SHR. Further evaluation, however, revealed increased SR Ca load in
SHR (amplitude of caffeine-induced CaT, Fura-2 ratio: 1.0750.13, n=10; vs
WKY: 0.7250.04, n=18, P<0.01), reduced fractional SR Ca release (SHR:
0.2050.03, n=10; vs WKY: 0.2950.03, n=18, P<0.05) and reduced L-type
Ca current (SHR: 4.350.2 pA/pF, n=12; vs WKY: 5.250.1 pA/pF, n=10,
P<0.05) accompanied by reduced expression (33%; P<0.01) of the alpha
1C subunit of the L-type calcium channel. Experimental simulation of tachy-
cardia by increasing stimulation frequency (1-2-4 Hz) induced significantly
more arrhythmogenic Ca alternans in SHR (2 Hz: 41%, 4 Hz: 72% of cells)
than inWKY (2Hz: 7%, 4 Hz 37% of cells; both P<0.05 vs SHR) LAmyocytes.
These data indicate that, at 6-8months of age, SHRhearts displaymorphological
changes at the ventricular but not at the atrial level. Subcellular changes in Cahomeostasis occur in LA myocytes at the sarcolemma and the SR, which are
associated with a much higher incidence of arrhythmogenic Ca alternans. This
may explain the increased propensity of SHR to develop atrial tachyarrhythmias.
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Effects of high-sugar diet on systemic metabolism has been informative,
however, myocardialcapacity for fructose uptake and metabolism has not
yet been well characterized. Importantly, contractile dysfunction has been
observed in sucrose-fed animals both at whole-heart and single cardiomyocyte
levels. In this study, we aimed to determine whether the properties of the Ca2þ
sparks might provide insight into the role of ryanodine receptors, RyR2s, in
the altered Ca2þ signaling and diastolic dysfunction in resting cardiomyocytes
when theywere analyzed together with Ca2þ transients obtained under electrical
stimulation. Our results showed that basal Ca2þ level as well as the frequency of
Ca2þ sparks significantly increased in cardiomyoctes from rat heart with high
sucrose-induced metacolic syndrome (MS) compared to aged-matched control
rats. Ca2þ transients exhibited significantly reduced amplitude and prolonged
time courses as well as depressed Ca2þ loading of sarcoplasmic reticulum, SR
in MS animals. The Spatio-temporal properties of these Ca2þ sparks were also
significantly changed to being almost parallel to the changes of Ca2þ transients.
In addition, RyR2s fromMS rat heart were hyperphosphorylated and the protein
levels of both RyR2s and FKBP12.6 depleted. Taken into consideration the
whole-data, MS-induced rat heart exhibits altered local Ca2þ signaling with
increased basal Ca2þ levels which may underline the diastolic dysfunction.
Furhermore these functional alterations were supported with ultrastructural
changes in SR which due to mostly increased oxidative stress in the heart.
(Supported by grant from TUBITAK SBAG-111S042).
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Murine tibialis anterior skeletal muscles lacking one or more isoforms of
neuronal nitric oxide synthase (nNOS) exhibit exaggerated contraction-
induced fatigue in vivo by mechanisms that remain to be elucidated. To test
the hypothesis that depletion of skeletal muscle expressed nNOS was sufficient
to cause exaggerated fatigue,we analyzed fatigue resistance in excised lumbricle
muscles from nNOS knockout (KN2) and wildtype (WT) mice in vitro. Simul-
taneous measurements of skinned fiber Ca2þ-activated force and ATPase
activity, and simultaneous measurements of intracellular Ca2þ and force in
isolated intact lumbricle muscle in the nNOS depleted and WT muscles were
performed. Results showed that KN2 mice lumbricle skinned fiber force and
ATPase activity were more sensitivity to Ca2þ thanWT, in contrast to no differ-
ences inmaximum force andATPase, or energy cost (ATPase/force) at all levels
of force activation. Intact lumbricle muscle showed that fatigue produced by
increasing the frequency of repetitive 500millisecond periods of 100 Hz tetanus
stimulation showed the average force and intracellular Ca2þ during the tetanus
was not statistically different between KN2 and WT lumbricle at all levels of
fatigue. The average intracellular Ca2þ during the tetanus stimulation showed
that fatigue was independent of Ca2þ except at the very highest fatigue levels.
The rate of fatigue in KN2 mouse muscles was not different from WT and we
were unable to observe exaggerated fatigue in vitro. These results suggest
three possible explanations. First, the regulation of muscle fatigue by nNOS
in vivo may only be evident under physiological conditions. Second, lumbricle
muscle lacks an nNOS muscle-specific fatigue resistant mechanism. Third,
that nNOS loss from surrounding tissue compromises fatigue resistance.
Regardless, these data suggest that nNOS is dispensable for normal calcium
handling, strength and fatigue resistance in lumbricle muscles in vitro.
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Genetic hypertrophic cardiomyopathy (HCM) results from mutations in the
cardiac sarcomere, including b-cardiac myosin, with HCM afflicting about
